SEMICONDUCTOR DEVICE AND METHOD OF FABRICATING THE SAME 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor device including a circuit 
constructed by thin film transistors (hereinafter referred to as TFTs) and a method of 
fabricating the same. For example, the present invention relates to an electro-optical device 
typified by a liquid crystal display panel, and an electronic equipment including such an 
electro-optical device as a part. 

Incidentally, in the present specification, the term "semiconductor device" 
indicates any devices capable of functioning by using semiconductor characteristics, and any 
of the electro-optical device, semiconductor circuit, and electronic equipment is a 
semiconductor device. 

2. Description of the Related Art 

In recent years, attention has been paid to a technique for constructing a thin film 
transistor (TFT) using a semiconductor thin film (its thickness is about several to several 
hundred nm) formed on a substrate having an insulating surface. The thin film transistor is 
widely applied to an electronic device, such as an IC or an electro-optical device, and 
especially as a switching element of an image display device, its development has been 
hastened. 

As a typical example of the electro-optical device, a liquid crystal display device, 
an EL display device, or a contact type image sensor can be cited. 

In general, the liquid crystal display device includes a pair of substrates which are 
opposed to each other at a certain substrate interval, particulate spacers for keeping the 
certain substrate interval, and a liquid crystal material sealed between the substrates. 

The substrate interval of the liquid crystal display device is normally set to 1 to 
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20 /urn, and this must be uniformly controlled with accuracy of about ±0.1 yum. This is 
because if fluctuation occurs in the substrate interval, not only deterioration in display 
quality, such as generation of irregular color or interference fringe, is caused, but also 
trouble, such as circuit damage or disabled display, is caused by contact of electrodes when 
5 the substrate interval is narrowed by an external force. Like this, the spacer is an important 
member for maintaining the performance of the liquid crystal display element. 

Hereinafter, a conventional method of fabricating a liquid crystal display device 
(TFT-LCD) will be described in brief. 

First, a pair of substrates are prepared. TFT elements and pixel electrodes are 
o formed in matrix form on one of the substrates. Electrodes, color filters or the like are 
formed on the other substrate. Next, after an alignment film is formed on each of the pair of 
substrates, a rubbing processing is performed. 

Next, particulate spacers are uniformly sprayed on the alignment film of either 
one of the substrates. Next, the one substrate is combined with the other substrate, and their 
5 peripheral portions are sealed with an adhesive for sealing, so that a liquid crystal cell is 
formed. Next, after the liquid crystal cell is filled with a liquid crystal material by a vacuum 
injection method, an injection port is sealed. 

The foregoing flow of steps is a general fabricating process of a TFT-LCD. 

In the above conventional steps, it is difficult to uniformly spray the particulate 
0 spacers, arid there have been problems that transmissivity is lowered by aggregation of the 
spacers, and an element just under the spacer is destroyed to generate a leak or short 
circuit. 

Besides, in the step of injecting the liquid crystal material by the vacuum injection 
method, center portions of the substrates become recess-shaped at both surfaces by 
5 pressurization at the time of injection, and in this periphery, the conventional particulate 
spacer does not have sufficient compression strength and is destroyed, or the spacer is 
moved and the trace of the movement causes orientation defects. 
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In the ease where the generally used conventional particulate spacers (glass beads, 
plastic beads, etc.) are used, there is adopted a method of spraying the particulate spacers 
onto one of substrates. Thus, the spacers are disposed on a pixel electrode, and block 
incident light or disturb the orientation of liquid crystal molecules. As a result, it has been 
> difficult to adjust the transmitted light amount or coloring. Besides, the particulate spacers 
are easily charged with static electricity, so that the spacers become easily aggregate and are 
difficult to be uniformly distributed. 

SUMMARY OF THE INVENTION 
) An object of the present invention is to provide a high quality liquid crystal panel 

having a thickness with high accuracy, which is designed, without using particulate spacers, 
within a free range in accordance with characteristics of a used liquid crystal and a driving 
method, and is also to provide a method of fabricating the same. 

According to an aspect of the present invention, a semiconductor device includes 
5 a first substrate, a second substrate, and a plurality of columnar spacers disposed between 
the first substrate and the second substrate and maintaining an interval between the first 
substrate and the second substrate. 

Besides, according to another aspect of the present invention, a semiconductor 
device includes a first substrate, a second substrate, and a plurality of columnar spacers 
) disposed between the first substrate and the second substrate, wherein a radius R of 
curvature of each of the columnar spacers is 2 /urn or less, preferably 1 fxm or less. 

Besides, in the foregoing respective structures, a height H of each of the columnar 
spacers is 0.5 jum to 10 jum, preferably 1.2 yum to 5 /^m. 

Besides, in the foregoing respective structures, a width LI of each of the 
5 columnar spacers is 20 /urn or less, preferably 7 yum or less. 

Besides, in the foregoing respective structures, an angle a between a tangent 
plane at a center of a side of each of the columnar spacers and a substrate surface is 65° to 
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115°. 

Besides, in the foregoing respective structures, each of the columnar spacers 
includes a flat surface at its top portion. 

Besides, in the foregoing respective structures, a sectional shape of each of the 
i columnar spacers in a radial direction is a circle, an ellipse, a triangle, a quadrilateral, or a 
polygon having sides more than the former. 

Besides, in the foregoing respective structures, each of the columnar spacers is 
made of an insulating material. 

Besides, in the foregoing respective structures, each of the columnar spacers is 
i formed over a contact portion where a TFT and a pixel electrode are connected to each 
other. 

Besides, the columnar spacers may be formed only at a sealing region, or may be 
formed at a sealing region and a region of a driver circuit where an element does not exist. 
Besides, the columnar spacers may be formed at the sealing region and a pixel portion, or 
may be formed at a region of the driver circuit where an element does not exist and the pixel 
portion. Besides, the columnar spacers may be formed at the sealing region and a region 
between the driver circuit and the pixel portion, or the columnar spacers may be formed at 
a region between the driver circuit and the pixel portion, and the pixel portion. 

Besides, the columnar spacers may be formed at a sealing region, over a region 
of a driver circuit where an element does not exist, and at a pixel portion, or the columnar 
spacers may be formed over a region of the driver circuit where an element does not exist 
and at a region between the driver circuit and the pixel portion. Besides, the columnar 
spacers may be formed at the sealing region, over a region of the driver circuit where an 
element does not exist, at a region between the driver circuit and the pixel portion, and the 
pixel portion, or the columnar spacers may be formed at a region between the sealing region 
and the pixel portion. Besides, the columnar spacers may be formed at a region between the 
sealing region and the driver circuit, or the columnar spacers may be formed at a region 
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between the sealing region and an end portion of the substrate. Besides, the columnar 
spacers may be formed at all regions of the substrate. 

Besides, in the foregoing respective structures, in the case where the columnar 
spacers are formed to be in contact with an alignment film, a pretilt angle of 4ht^Kgj*meft*-- 
5 -fil»is4 0 to 5°. 

Besides, in the foregoing respective structures, in the case where the columnar 
spacers are covered with an alignment film, a pretilt angle of 4he-^iig»m^irt-fikn- is 6° to 
10°. 

Besides, according to another aspect of the present invention, a semiconductor 
0 device includes a display device equipped with a first substrate, a second substrate, and a 
plurality of columnar spacers disposed between the first substrate and the second substrate, 
and a touch panel equipped with an optical detecting element. 

Besides, according to another aspect of the present invention, a semiconductor 
device includes a display device equipped with a first substrate, a second substrate, and a 
5 plurality of columnar spacers disposed between the first substrate and the second substrate, 
and a touch panel equipped with a pressure sensitive type detecting element. 

Besides, according to another aspect of the present invention, a semiconductor 
device includes a display device equipped with a first substrate, a second substrate, and a 
plurality of columnar spacers disposed between the first substrate and the second substrate, 
0 and a touch panel equipped with a capacitive type detecting element. 

Besides, according to another aspect of the present invention, a method of 
fabricating a semiconductor device comprises a first step of forming a TFT on a substrate, 
a second step of forming a flattening film to cover the TFT, a third step of forming an 
opening in the flattening film to reach to the TFT and forming a pixel electrode, a fourth step 
5 of forming an alignment film on the pixel electrode, a fifth step of performing a rubbing 
processing on the alignment film, and a sixth step of forming a columnar spacer made of an 
insulating film over a contact portion where the TFT is connected to the pixel electrode. 
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Besides, according to another aspect of the present invention, a method of 
fabricating a semiconductor device comprises a first step of forming a TFT on a substrate, 
a second step of forming a flattening film to cover the TFT, a third step of forming an 
opening in the flattening film to reach to the TFT and forming a pixel electrode, a fourth step 

5 of forming a columnar spacer made of an insulating film over a contact portion where the 
TFT is connected to the pixel electrode, a fifth step of forming an alignment film to cover 
the pixel electrode and the columnar spacer, and a sixth step of performing a rubbing 
processing on the alignment film. 

In the foregoing structure, the step of forming the columnar spacer made of the 

) insulating film includes a step of forming the insulating film and a step of patterning the. 
insulating film so that the columnar spacer is formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. 1A and IB are a SEM observation photograph of a columnar spacer of the 

> present invention and its schematic view. 

Figs. 2A to 2C are views showing examples of arrangement of columnar spacers 
and SEM observation photographs. 

Figs 3A to 3E are views showing fabricating steps of the present invention. 
Fig. 4 is a view showing a flowchart of fabricating steps of the present 

) invention. 

Figs. 5A to 5F are views showing fabricating steps of an AM-LCD. 
Figs. 6A to 6F are views showing fabricating steps of the AM-LCD. 
Figs. 7A to 7D are views showing fabricating steps of the AM-LCD. 
Figs. 8A and 8B are views showing fabricating steps of the AM-LCD. . 

> Fig. 9 is a sectional structural view of a TFT. 

Fig. 10 is a view showing an outer appearance of an AM-LCD. 

Fig. 11 is a view showing a structure of a pixel portion and a driver circuit. 



6 



Fig. 12 is a top view showing a pixel structure. 

Figs. 13A and 13B are views showing examples of a connection portion to an 
external terminal. 

Figs. 14A to 14E are views showing fabricating steps of the present invention. 
Fig. 15 is a view showing a flowchart of fabricating steps of the present 

invention. 

Figs. 16A and 16B are views showing fabricating steps of an AM-LCD. 
Figs. 17A and 17B are SEM observation photographs of columnar spacers of the 
present invention. 

, Figs. 18A and 18B are views showing examples of arrangement of columnar 

spacers. 

. Figs. 19A to 19C are views showing examples of arrangement of columnar 

spacers. 

Fig. 20 is a sectional structural view of an active matrix type liquid crystal display 

; device. 

Fig. 21 is a sectional structural view of an active matrix type liquid crystal display 

device. 

Figs. 22A and 22B are views showing display devices each including a touch 

panel. 

> Fig. 23 is a view showing a structure of an active matrix type EL display 

device. 

Fig. 24 is a view showing characteristics of light transmissivity of a thresholdless 
antiferroelectric mixed liquid crystal to applied voltage. 

Figs. 25 A to 25 F are views showing examples of electronic devices. 
5 Figs. 26A to 26D are views showing examples of electronic devices. 

DESCRIPTION OF THE PREFERRE D F.MBODTMENTS 
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A mode of carrying out the present invention will be described below with 
reference to Figs. 1 to 4. 

In the present invention, a columnar spacer is used to keep an interval between 
a first substrate and a second substrate constant. It is desirable that the shape of the columnar 
spacer of the present invention satisfies conditions described below. 

As shown in Fig. IB, in the columnar spacer, it is assumed that the width 
(diameter) of a center portion is LI, the width (diameter) of an upper end is 13, and the 
width (diameter) of a lower end is L2. In steps shown in Figs. 3A to 3E (in the case where 
a columnar spacer 303 is formed on an alignment film 301), values of widths of the 

columnar spacer itself are made the widths LI to L3. However, in steps shown in Figs. 14A 

to 14E (in the case where an alignment film 1103 is formed on a columnar spacer 1102), 
values obtained by adding the thickness of the alignment film to the columnar spacer itself 
are made the widths LI to L3. Incidentally, the width L2 is a width of a region where there 
exists a columnar spacer material having a thickness of 0.2 //m or more from a plane prior 
to formation of the columnar spacer. It is necessary that the width LI of the center of the 
columnar spacer functions satisfactorily as a spacer, and it is desirable that the width is 20 
,um or less, preferably 10 /urn or less, more preferably 7 /urn or less. 

Incidentally, in the present specification, the lower end indicates an end portion 
of a columnar spacer at a first substrate side. The upper end indicates a top portion of the 
columnar spacer. The top portion of the columnar spacer of the present invention has a tlat 
surface so that when an external force is applied, a uniform pressure is applied to the 
columnar spacer. Since a spacer made of resin has excellent elasticity, it can suitably absorb 
the pressure. Besides, differently from a particulate spacer, the columnar spacer of the 
present invention comes in contact with an element through a surface, so that the pressure 
is dispersed, and there does not occur a case where an excessive pressure is applied to one 
point. The present invention is devised such that the radius R of curvature of an end portion 
at the top portion of the columnar spacer is made 2 fxm or less, preferably 1 or less, so 



that a uniform pressure is applied to the columnar spacer. 

In the present invention, it is preferable that the widths of the respective portions 
of the columnar spacer are the same, that is, LI = L2 = L3. Besides, it is preferable that an 
angle a between the side of the columnar spacer at the center and the substrate surface is 

5 made a value within the range of 65° to 115°. 

However, in the case where the columnar spacer is actually formed, the upper end 
of the columnar spacer becomes an end portion having the radius of curvature of 2 £zm or 
less, preferably 1 yum or less, and a taper portion is formed at the lower end of the columnar- 
spacer, so that the relation between the widths becomes L2 > LI > L3. At the taper portion, 

0 defective orientation in a liquid crystal is apt to occur, and light leakage occurs around this. 
In the present invention, the widths are set in the range of 0.8 £ L2/L1 <, 3, so that the light 
leakage is reduced. Incidentally, in the steps shown in Figs. 3A to 3E (in the case where the 
columnar spacer is formed on the alignment film), it is desirable to establish the relation of 
1 <; L2/L1 <; 1.1. Besides, in the steps shown in Figs. 14A to 14E (in the case where the 

5 alignment film is formed on the columnar spacer), it is desirable to establish the relation of 
1 £ L2/L1 <; 2.5. 

Since a contact area to a second substrate is reduced, when an outer pressure is 
applied, a large pressure is locally applied. This causes deterioration of spacer strength. In 
the present invention, the relation of 0.6 <; L3/L1 ^ 1.2 is established, so that the spacer 
0 strength is strengthened. 

Since the height H of the columnar spacer can be controlled within a free range 
through the conditions of forming steps of the columnar spacer, it may be suitably set to a 
desired value. For example, in a liquid crystal display device, according to a liquid crystal 
material (TN liquid crystal, ferroelectric liquid crystal, antiferroelectric liquid crystal, etc.) ' 
5 used for the device, the height is set to an optimum substrate interval (0.5 jum to 10 fum, 
preferably 1.2 /urn to 5 fxm). 

As a material of the columnar spacer, an insulating material (insulating film) 
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made of a resin material is desirable. An insulating film made of a resin material such as 
polyimide can be formed by applying a solution, and an insulating film made by solution 
application is very suitable for filling minute holes. Of course, a silicon oxide film or the like 
formed by applying a solution may be used. In the case where an insulating film made of a 

; resin material is used, a photopolymerization type insulating film may be used, or a thermal 
polymerization type insulating film may be used. Especially when a positive or negative 
photosensitive resin is used, the columnar spacer can be formed through a simple step, so 
that it is preferable. Besides, in order to avoid photodeterioration, it is desirable to use a resin 
material having negative photosensitivity. 

) A sectional shape of the columnar spacer in the radial direction may be a circle 

or an ellipse. Besides, the shape may be a triangle, a quadrilateral, or a polygon having sides 
more than the former. 

As shown in Fig. 2A, the columnar spacers are disposed regularly. In Fig. 2A, 
although such a structure is adopted that one columnar spacer 202 is disposed for every 6 

; pixels (6 rows x 1 column), the invention is not particularly limited, and the columnar 
spacers have only to be disposed at a density of 10 to 200 ones per mm 2 . In Fig. 2A, 
reference numeral 201 designates a pixel electrode; and 203, a contact portion where a 
columnar spacer is not formed. In Fig. 2A, although the columnar spacer is formed at a 
position over the contact portion where the TFT and the pixel electrode are connected to 

) each other, the position of the columnar spacer is not particularly limited. For example, if 
it is formed over a wiring (source wiring, gate wiring, capacitance wiring, etc.) or over a 
light-shielding film, it does not influence transmissivity, so that such a position is preferable. 
Besides, the columnar spacer may be formed at a region other than the pixel portion, for 
example, a region of a driver circuit where an element does not exist, a sealing region, a 

5 region between the pixel portion and the driver circuit, a region between the pixel portion 
and the sealing region, a region between the driver circuit and the sealing region, or a region 
between the sealing region and an end portion of a substrate. Incidentally, when the 
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columnar spacer is formed at the region between the sealing region and the end portion of 
the substrate, since pressure is uniformly applied in a bonding step and a substrate cutting 
step, the yield is improved. If a columnar spacer is formed over a wiring extending from an 
end portion for connection with an FPC to the driver circuit, the mechanical strength of a 
5 portion connecting with the FPC can be reinforced. 

A fabricating method using the columnar spacer of the present invention having 
the foregoing shape will be described below in brief. Figs. 3A to 3E are sectional views 
showing steps of the present invention, and Fig. 4 is a flowchart showing the sequence of 
steps. 

.0 First, a first substrate 300 on which switching elements and pixel electrodes are 

formed in matrix form, is prepared. Besides, a second substrate 304 on which electrodes are 
formed, is prepared. Incidentally, in Fig. 3, for simplicity, the switching elements, the pixel 
electrodes and the like are not shown. Next, after alignment films 301 and 305 are formed 
on the first substrate 300 and the second substrate 304, respectively, a rubbing processing 

.5 is performed (Fig. 3A). 

Next, a spacer material layer 302 is formed on the alignment film 301 of the first 
substrate (Fig. 3B). Here, although an example in which a columnar spacer is formed on the 
first substrate is described, a step of forming the columnar spacer on the second substrate 
may be adopted. 

:o After a pattern of columnar spacers is exposed to the thus formed spacer material 

layer 302 through a mask for exposure, a development processing is performed and 
columnar spacers 303 are formed (Fig. 3C). 

Then a sealing material pattern 306 is formed on the second substrate 304 on 
which the electrodes and the alignment film 305 are formed. In the sealing material pattern, 

•5 a pattern frame of forming a liquid crystal injection port, having a rectangle shape and the 
same width, is formed. Here, although there is shown an example in which a sealing region 
is formed on the second substrate, a step of forming a sealing region on the first substrate 
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may be adopted. Then the first substrate 300 is bonded to the second substrate 304. A 
bonding step is a step in which after the substrates are bonded to each other with high 
accuracy by using an alignment mark, a sealing material is hardened by pressurizing and 
firing (Fig. 3D). 

5 Thereafter, the first substrate and the second substrate are cut into a suitable size, 

and after a liquid crystal material 307 is injected from the liquid crystal injection port, the 
injection port is sealed. In this way, a liquid crystal panel is completed. 

In the foregoing steps, there is shown an example in which after the alignment 
film is formed on the first substrate, the columnar spacer is formed thereon. However, as 
) shown in Figs. 14A to 14E, such a step may be adopted that after a columnar spacer 1102 
is formed on a first substrate 1100, an alignment film 1103 is formed thereon. 

Besides, such a step may be adopted that a color filter or a shielding film is 
formed on the first substrate or the second substrate. 

Besides, here, although an example of an active matrix type liquid crystal display 
5 device is shown, the invention is not particularly limited. For example, the invention can 
also be applied to a simple matrix type liquid crystal display device, and a display system 
may be of a TN type or STN type, or a transmission type or reflection type. 

The present invention made of the foregoing structure will be described in more 
detail with embodiments described below. 

DETAILED DESCRIPTION OF THE PREFERRED RMBODIMENTS 
[Embodiment 1] 

An embodiment according to the present invention is described by using Figs. 5 A 
to 8B. A method for fabricating a pixel section and a driver circuit provided in its peripheral 
> at the same time, is described here. Note that a CMOS circuit which is a basic circuit for a 
shift register and buffer circuit etc., and an n-channel TFT forming a sampling circuit are 
shown for the driver circuit for the simplicity of explanation. 
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In Fig. 5A, it is preferable to use a glass substrate or a quartz substrate for 
substrate 501. Other than those, a silicon substrate, a metal substrate or a stainless steel 
substrate having an insulating film formed on the surface thereof may be used. If heat 
resistivity permits, it is also possible to use a plastic substrate. 

A base film 502 which comprises an insulating film comprising silicon ("an 
insulating film comprising silicon" generically represents a silicon oxide film, a silicon 
nitride film or a silicon oxynitride film in the present Specification) is formed by plasma 
CVD or sputtering to a thickness of 100 to 400nm on a surface of the substrate 501 on which 
the TFTs are to be fabricated. 

Through the Specification silicon oxynitride film is an insulating film represented 
by SiOxNy and denotes an insulating film which comprises silicon, oxygen and nitrogen at 
a prescribed proportion. In the present Embodiment a laminate film of a silicon oxynitride 
film of 100 nm thickness which contains nitrogen at 20 to 50 atomic % (typically 20 to 30 
atomic %) and a silicon oxynitride film of 200 nm thickness which contains nitrogen at 1 
to 20 atomic % (typically 5 to 10 atomic %) is used as the base film 502. Note that the 
thickness need not be limited to these values. The proportion of nitrogen and oxygen 
contained (atomic % proportion) in the silicon oxynitride film may be 3:1 to 1:3 (typically 
1:1). Note that the silicon oxynitride film may be fabricated by using SiH 4 , N z O and NH 3 

as raw material gases. 

The base film 502 is disposed in order to prevent impurity contamination from 
the substrate and may not be necessarily disposed in case of using a quartz substrate. 

A semiconductor film containing amorphous structure (amorphous silicon film 
in the present embodiment (not shown)) is formed on the base film 502 to a thickness of 30 
to 120nm (preferably 50 to 70nm) by a known film deposition method. As a semiconductor 
film containing amorphous structure, there are amorphous semiconductor film and 
microcrystalline semiconductor film. Further, a compound semiconductor film containing 
amorphous structure such as amorphous silicon germanium film etc. may also be included. 
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When the film was formed into the above stated thickness, the thickness of the active layer 
at the point of finally completing the TFT becomes 10 to 100 nm (preferably 30 to 50 
nm). 

A semiconductor film containing crystalline structure (crystalline silicon film in 

> embodiment 1) 503 is formed according to a technique disclosed in the Japanese Patent 
Application Laid-Open No. Hei 7-130652 (corresponding to U.S. Patent No. 5,643,826). 
The technique described in the gazette is a crystallization means that uses a catalytic element 
for promoting crystallization (one or plural of element selected from nickel, cobalt, 
germanium, tin, lead, palladium, iron and copper; typically nickel) in crystallizing the 

) amorphous silicon film. 

More concretely, heat-treatment is conducted under the condition where the catalytic 
element(s) is held on the surface of the amorphous silicon film to convert the amorphous 
silicon film to the crystalline silicon film. Although the present Embodiment uses a 
technique described in the Embodiment 1 of the gazette, a technique described in 

> Embodiment 2 may also be used. Though single crystal silicon film and polycrystalline 
silicon film are both included in crystalline silicon film, the crystalline silicon film formed 
in the present embodiment is a silicon film having crystal grain boundaries. (Fig. 5A) 

Though it depends on hydrogen content in the amorphous silicon film, it is 
preferable to carry out dehydrogenating process by heating at 400 to 550°C for some hours 
) to reduce the contained hydrogen amount at 5 atom % or lower and conduct crystallization 
process. The amorphous silicon film may be fabricated by other deposition methods such 
as sputtering or evaporation, but it is preferable to sufficiently reduce impurity elements such 
as oxygen or nitrogen contained in the film. 

Because the base film and the amorphous silicon film can be fabricated by the same 

> deposition method, they may be successively formed. It becomes possible to prevent 
contamination of the surface by not exposing to the atmosphere after formation of the base 
film, so that scattering in the characteristics of the fabricated TFTs can be reduced. 
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Next, a light generated from a laser light source (laser light) is irradiated onto the 
crystalline silicon film 503 (hereinafter referred to as laser annealing) and a crystalline 
silicon film 504 in which crystallinity is improved is formed. Though a pulse oscillation 
type or a continuous oscillation type excimer laser light is preferable for the laser light, a 
; continuous oscillation type argon laser light may also be used as the laser light. The beam 
shape of the laser light may be linear, or it may be a rectangular shape. (Fig. 5B) 

In place of laser light, a light generated from a lamp (hereinafter referred to as 
lamp radiation) may be irradiated (hereinafter referred to as lamp annealing). As a lamp 
radiation, lamp radiation generated from for instance halogen lamp or infrared lamp can be 

3 used. - _ 

Note that a process for performing heat treatment (annealing) by laser light or 
lamp light as described here is referred to as a light annealing process. Because light 
annealing process can perform high temperature heat treatment in a short time, an effective 
heat treatment process can be performed at high throughput even in case of using a substrate 

5 that has a low heat resistance such as a glass substrate etc. Needless to say, they may be 
replaced by a furnace annealing using electric furnace (also referred to as thermal annealing) 

since the object is annealing. 

In the present Embodiment, laser annealing process was carried out by forming 
pulse oscillation type excimer laser light into a linear shape. The laser annealing conditions 
;o are: XeCl gas is used as excitation gas, treatment temperature is set at room temperature, 
pulse oscillation frequency is set at 30Hz, and laser energy density at 250 to 500mJ/cm 2 

(typically 350 to 400mJ/cm 2 ). 

Laser annealing process carried out at the above stated conditions has an effect 
of completely crystallizing the amorphous region remained after heat crystallization as well 
>5 as reducing defects in the crystalline region already crystallized. Accordingly, the present 
process may be called a process for improving crystallinity of the semiconductor film by 
light annealing, or a process for promoting crystallization of the semiconductor film.. It is 
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also possible to obtain such effect by optimizing the conditions of lamp annealing. In the 
present Specification such condition is referred to as the first light annealing condition. 

Island semiconductor films (hereinafter referred to as active layers) 505 to 508 
are next formed by patterning the crystalline silicon film 504. Note that alignment markers 
used for adjusting the position in the later patterning are formed at the same time by using 
crystalline silicon film. In the present Embodiment time required for separately forming 
alignment markers (increase in the number of masks) can be saved because alignment 
markers can be formed at the same time with the formation of active layers. 

Next a protection film 509 is next formed over the active layers 505 to 508 for 
later impurity doping. The protection film 509 uses a silicon oxynitride film or a silicon 
oxide film of 100 to 200 nm (preferably 130 to 170 nm) thickness. This protection film 509 
has a meaning of not exposing the crystalline silicon film directly to plasma in impurity 
doping, and enabling trace concentration control. (Fig. 5C) 

Then, a resist mask 5 10 is formed thereon, and impurity element imparting p-type 
(hereinafter referred to as p-type impurity element) is doped through protection film 509. 
As a p-type impurity element, typically an element which belongs to group 13 of periodic 
table, more specifically, boron or gallium can be used. This process (referred to as channel 
doping process) is a process for controlling threshold voltage of a TFT. Here, boron is 
doped by ion doping in which diborane (B 2 H 6 ) is excited by plasma without mass separation. 
Needless to say, it is acceptable to use ion implantation in which mass separation is 
performed. 

By this process, active layers 511 to 513 added with p-type impurity element 
(boron in this Embodiment) at a concentration of lxlO 15 to lxl0 18 atoms/cm 3 (typically 
5xl0 16 to 5xl0 17 atoms/cm 3 ) are formed. These active layers 511 to 513 will later become 
active layers for n-channel TFTs. Note that the concentrations stated in the present 
Specification are measured values by SIMS (secondary ion mass spectroscopy). 

Note that through the specification, an impurity region containing p-type impurity 
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region at least in the above stated concentration range is defined as a p-type impurity region 
(b) (however, regions where impurity elements imparting n-type typically phosphorus or 
arsenic are doped at a concentration of lxlO 16 atoms/cm 3 are excluded). (Fig. 5D) 

Resist mask 510 is next removed and new resist masks 514a to 514d are formed. 

5 Then impurity regions imparting n-type 5 15 to 5 17 are formed by doping impurity element 
imparting n-type (hereinafter referred to as n-type impurity element). As an n-type impurity 
element, typically an element belonging to group 15, more specifically, phosphorus or 
arsenic can be used. (Fig. 5E) 

These low concentration impurity regions 515 to 517 are impurity regions that 

.0 function as LDD regions in the n-channel TFT of the later formed CMOS circuit and 
sampling circuit. In thus formed impurity regions, n-type impurity element is contained at 
a concentration of 2 x 10 16 to 5 x 10 ,9 atoms/cm 3 (typically 5 x 10 17 to 5 x 10 ,8 atoms/cm 3 ). 
In the present specification, an impurity region containing n-type impurity element in the 
above stated concentration range is defined as an n-type impurity region (b). 

.5 Note that phosphorus is doped here by ion doping to a concentration of 1 * 

10 18 atoms/cm 3 in which phosphine (PH 3 ) is excited by plasma without mass separation. 
Needless to say, ion implantation in which mass separation is performed may be used as 
well. In this process, phosphorus is doped into the crystalline silicon film through protecting 
film 509. 

•0 Next, resist masks 514a to 514d and a protecting film 509 are removed, and 

irradiation process by laser light is conducted again. Here again excimer laser light of pulse 
oscillation type or continuous oscillation type is preferable as the laser light, but argon laser 
light of continuous oscillation type may also be used. The beam shape of the laser light may 
be either of linear or rectangular shape. However, because activation of the doped impurity 

15 element is the object, it is preferable to irradiate with an energy at a level of not melting the 
crystalline silicon film. It is also possible to conduct laser annealing process with the 
protecting film 509 left thereon. (Fig. 5F) 
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In the present Embodiment, laser annealing process was carried out by forming 
pulse oscillation type excimer laser light into a linear shape. The laser annealing conditions 
are: KrF gas is used as excitation gas, treatment temperature is set at room temperature, pulse 
oscillation frequency is set at 30Hz, and laser energy density at 100 to 300mJ/cm 2 (typically 
150 to aSOmJ/cm 2 ). 

The light annealing process carried out on the above stated conditions has an 
effect of recrystallizing the semiconductor film that was made into amorphous in impurity 
element doping as well as activating the impurity element imparting n-type or p-type that 
was doped. It is preferable that the above stated conditions make atomic arrangement 
coordinated without melting the semiconductor film and at the same time activate the 
impurity elements. The present process may be referred to as a process for activating the 
impurity element imparting n-type or p-type by light annealing, a process for recrystallizing 
the semiconductor film or a process for simultaneously carrying out both of them. Such 
effect can be obtained by optimizing the lamp annealing condition as well. In the present 
specification, this condition is referred to as the second light annealing condition. 

By this process, the boundary of n-type impurity regions (b) 515 to 517, that is, 
the junction area with the intrinsic regions (p-type impurity region (b) is also regarded as 
substantially intrinsic) that exist around n-type impurity region (b) become clear. This 
means that LDD region and channel formation region may form a very good junction when 
later finishing TFT. 

On activation of the impurity elements by this laser light, activation by heat 
treatment which uses an electric furnace may also be combined. In case of conducting 
activation by heat treatment, heat treatment of approximately 450 to 650 °C (preferably 500 
to 550° C) may be conducted considering the heat resistance of the substrate. • 

Next, gate insulating film 518 is formed to cover the active layers 505 and 511 
to 513. Gate insulating film 518 may be formed into a thickness of 10 to 200nm, preferably 
into 50 to 150nm. In the present embodiment, a silicon oxynitride film is formed into a 
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thickness of 115 nm by plasma CVD with raw materials of N 2 0 and SiH 4 . (Fig. 6A) 

Then, a conductive film, that will form a gate wiring is formed. Note that the gate 
wiring may be formed by a single layered conductive film, but it is preferable to form 
laminated films of double layers, or triple layers as occasion demands. In the present 

5 embodiment, laminate comprising a first conductive film 519 and a second conductive film 
520, is formed. (Fig. 6B) 

As the first conductive film 5 19 and the second conductive film 520, a metal film 
comprising an element selected from tantalum (Ta), titanium (Ti), molybdenum (Mo), 
tungsten (W), chromium (Cr), niobium (Nb), and silicon (Si), a metal compound film 

o composed of these element as its main component (typically tantalum nitride film, tungsten 
nitride film or titanium nitride film), an alloy film combining these elements (typically Mo- 
W alloy film, Mo-Ta alloy film, tungsten silicide film) or a laminate film of these thin films 
can be used. 

The first conductive film 519 may be formed into 10 to 50 nm (preferably 20 to 
5 30 nm) and the second conductive film 520 may be formed into 200 to 400 nm (preferably 
250 to 350 nm). In the present Embodiment, tantalum nitride (TaN) film of 50 nm thick was 
used as the first conductive film 519 and tantalum (Ta) film of 350 nm thick was used as the 
second conductive film 520. 

Other than this, a laminate of tungsten nitride film and tungsten film, a single layer 
0 of tantalum nitride film and a tungsten silicide film are also appropriate. In addition, when 
a structure which has a silicon film at a thickness of approximately 2 to 20 nm formed under 
the first conductive film 519 (polycide structure) is employed, close adhesion of conductive 
film formed on the silicon film is improved and oxidation of the conductive film can be 
prevented. 

5 Further, it is effective to nitrificate by exposing the surface into plasma atmosphere 

using ammonia gas or nitrogen gas, in case of using a metal film for the second conductive 
film 520 like in embodiment 1. By doing so, it is possible to prevent the oxidation of the 



19 



surface of the metal film. 

Gate wirings (they can also be referred to as gate electrodes) 521 to 524a and 
524b are formed into 400 nm thickness by etching the first conductive film 519 and the 
second conductive film 520 at a time. Gate wirings 522 and 523 that are formed in a driver 
circuit are formed to overlap a portion of n-type impurity region (b) 515 to 517 by 
interposing a gate insulating film. Note that the gate wirings 524a and 524b seem to be two 
electrodes in the cross sectional view, but in effect they are formed of one continuing 
pattern. (Fig. 6C) 

Then, n-type impurity element (phosphorus in the present Embodiment) is doped 
in a self-aligned manner using gate electrodes 521 to 524b as masks. The concentration of 
phosphorus doped into thus formed impurity regions 525 to 530 are set at a concentration 
of Vl to 1/10 (specifically 1/3 to 1/4) of the above stated n-type impurity region (b) (provided 
it is higher by 5 to 10 times than boron concentration added in the channel doping process, 
specifically 1 x 10 16 to 5 x 10 18 atoms/cm 3 , typically 3 x 10 17 to 3 x 10 18 atoms/cm 3 ). In the 
present Specification, an impurity region containing n-type impurity element at the above 
stated concentration range is defined as n-type impurity region (c). (Fig. 6D) 

Note that although boron is already doped into n-type impurity regions (c) 527 
to 530 at a concentration of 1 x 10 15 to 1 x 10 18 atoms/cm 3 in the channel doping process, 
because phosphorus is doped at a concentration of 5 to 10 times that of boron contained in 
the p-type impurity region (b), the effect of boron may be neglected. 

Strictly speaking however, while concentration of phosphorus in portions of n- 
type impurity region (b) 515 to 517 that overlapped with gate wirings remains at 2 x 10 16 to 
5 x 10 19 atoms/cm 3 , portions that do not overlap with gate wirings are further added with 
phosphorus of 1 x 10 16 to 5 x 10 18 atoms/cm 3 , and contain phosphorus at a slightly higher 
concentration. 

Next, the gate insulating film 518 is etched in a self-aligned manner with gate 
electrodes 521 to 524b as masks. Dry etching is used for the etching process and CHF 3 gas 
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may be used as an etchant. Note that the etchant need not be limited to this material. Thus, 
gate insulating films 531 to 534a and 534b under the gate wirings are formed. (Fig. 6E) 

By exposing the active layers in this manner, acceleration voltage in the doping 
process of impurity elements next performed can be kept low. Accordingly throughput is 
5 increased since the necessary dose amount is small. Needless to say, the impurity regions 
may also be formed by through doping without etching the gate insulating film. 

Resist masks 535a to 535d are next formed to cover the gate wirings, and 
impurity regions 536 to 544 containing phosphorus at a high concentration were formed by 
adding n-type impurity element (phosphorus in embodiment 1). Again ion doping (ion 
) implantation is also acceptable) was conducted by utilizing phosphine (PH 3 ) and the 
phosphorus concentration in these regions is set at 1 x 10 20 to 1 x 10 21 atoms/cm 3 
(specifically 2 x 10 20 to 5 x 10 21 atoms/cm 3 ). (Fig. 6F) 

Note that in this Specification an impurity region containing n-type impurity 
element in the above stated concentration range is defined as n-type impurity region (a). 
Further, although phosphorus and boron, added in the preceding processes, are already 
contained in the impurity regions 536 to 544, influence of phosphorus or boron added in the 
preceding processes need not be considered since phosphorus is later added at a sufficiently 
high concentration. Therefore, it is acceptable to refer the impurity regions 536 to 544 to 
as n-type impurity region (a) in this Specification. 

Resist masks 535a to 535d are then removed, and new resist mask 545 is formed. 
Then, p-type impurity element (boron in the present embodiment) is doped, and impurity 
regions 546 and 547 that include boron at a high concentration are formed. Here, boron is 
doped at a concentration of 3 x 10 20 to 3 x 10 21 atoms/cm 3 (typically 5 x 10 20 to 1 x 10 21 
atoms/cm 3 ) by ion doping using diborane (B 2 H 6 ) (needless to say, ion implantation is also 
acceptable). In the present specification, an impurity region that includes p-type impurity 
region in the above stated concentration range is defined as p-type impurity region (a). (Fig. 
7A) 
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Phosphorus is already doped in a portion of impurity regions 546 and 547 (n-type 
impurity regions (a) 536 and 537 stated above) at a concentration of 1 x 10 20 to 1 x 10 21 
atoms/cm 3 . However boron is doped at a concentration higher by at least 3 times here. 
Therefore, already formed n-type impurity regions are totally inverted to p-type, and function 

5 as p-type impurity regions. Accordingly, it is acceptable to define impurity regions 546 and 
547 as p-type impurity regions (a). 

After removing resist mask 545, a first interlayer insulating film 548 is formed. 
As a first interlayer insulating film 548, an insulating film comprising silicon, concretely 
a silicon nitride film, a silicon oxide film, a silicon oxynitride film or a laminate film 

0 combining these may be formed. The film thickness may be 50 to 400 nm (preferably 100 
to 200 nm). 

In the present embodiment a 200 nm thick silicon oxynitride film (note that 
nitrogen concentration is 25 to 50 atomic%) is adopted, that is formed by plasma CVD from 
raw material gases of SiH 4 , N 2 0 and NH 3 . This first interlayer insulating film 548 has an 

.5 effect of preventing increase of resistivity due to oxidation of gate wiring 521 to 524a and 
524b in the next performed heat treatment process (activation process). 

A heat treatment process is performed next in order to activate the impurity 
elements of n-type or p-type conductivity and which have been doped at their respective 
concentrations. Furnace annealing, laser annealing or rapid thermal annealing (RTA) can 

10 be performed for this process. The activation process is performed by furnace annealing in 
embodiment 1. Heat treatment is performed in a nitrogen atmosphere at between 300 and 
650°C, preferably from 400 to 550°C, here at 550°C for 4 hours here. (Fig. 7B) 

At this time, the catalytic element (nickel in embodiment 1) used in crystallization 
of an amorphous silicon film in embodiment 1 moved in the direction of the arrows and is 

15 captured in a region containing phosphorus at a high concentration (gettering) formed in the 
process of Fig. 6F. This is a phenomenon originated from gettering effect of a metal 
element by phosphorus. As a result, the concentration of the catalytic element contained in 
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later formed channel forming regions 549 to 553 is reduced below lxlO 17 atoms/cm 3 . Note 
however because concentrations below lxlO 17 atoms/cm 3 is the detection limit of SIMS for 
nickel, it is impossible to measure with the present technology. 

Conversely, the catalytic element precipitated at a high concentration in the 
regions which functioned as gettering sights of the catalytic element (regions where impurity 
regions 536 to 544 were formed in the process of Fig. 6F), and it existed in these regions iat 
a concentration exceeding 5xl0 18 atoms/cm 3 (typically 1 x 10 19 to 5 x 10 20 atoms/cm 3 ). 
However since it is acceptable if the regions that became the gettering sights function as a 
source region or a drain region, it is presumed that the existence of nickel do not cause any 
problem. 

Further, a hydrogenation process is performed on the active layers by performing 
heat treatment in an atmosphere containing 3 to 100% hydrogen at 300 to 450°C for 1 to 12 
hours. This is a process to terminate dangling bonds in the semiconductor layers by 
thermally activated hydrogen. Plasma hydrogenation (using hydrogen activated by plasma) 
may be performed as another hydrogenation means. 

The second interlayer insulating film 554 is formed into 500nm to 1.5mm 
thickness over the first interlayer insulating film 548 after the activation process. In 
embodiment 1 a silicon oxide film having 800nm thickness is formed by plasma CVD as the 
second interlayer insulating film 554. Thus an interlayer insulating film of 1mm thickness 
is formed from a laminate of the first interlayer insulating film (silicon oxynitride film) 548 
and the second interlayer insulating film (silicon oxide film) 554. 

Note that, it is possible to use organic resin insulating films such as polyimide, 
acrylic, polyamide, polyimide amide, BCB (benzocyclobutene) for the second interlayer 
insulating film 554. 

Contact holes are then formed in order to reach the source regions or the drain 
regions of the respective TFTs, and source wirings 555 to 558, and drain wirings 559 to 562 
are formed. Note that, although not shown in the figures, the drain wirings 559 and 560 are 
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formed from the same wiring in order to form a CMOS circuit. Note that, in embodiment 
1 the electrodes are made with a three-layer structure laminate film of a 100 nm Ti film, a 
300 nm aluminum film containing Ti, and a 150 nm Ti film formed successively by 
sputtering, 

A silicon nitride film, a silicon oxide film, or a silicon oxynitride film is formed 
to a thickness of between 50 and 500 nm (typically 200 to 300 nm) next as a passivation film 
563. (Fig.7C) 

It is effective to perform a plasma treatment using a gas that contains hydrogen 
such as H 2 and NH 3 preceding formation of the film and to perform heat treatment after the 
film formation. The preceding process provides excited hydrogen into the first and second 
interlayer insulating films. By performing a heat treatment to this state, the active layers are 
effectively hydrogenated because hydrogen added into the first and second interlayer 
insulating films is diffused in the layer underneath, as well as improving the film quality of 
passivation film 563. 

Further, after forming the passivation film 563, an additional hydrogenation 
process may be performed. For example, it is good to perform heat treatment for 1 to 12 
hours at between 300 and 450°C in an atmosphere including from 3 to 100% hydrogen. Or, 
a similar result can be obtained by using plasma hydrogenation. 

Note that openings may be formed here in the passivation film 563 at positions 
where contact holes will be formed later in order to connect the pixel electrode and the drain 
wirings. 

A third interlayer insulating film 564 (in the present specification it is 
occasionally referred to as planarization film) comprising a resin material (it may also be 
referred to as organic material) (hereinafter referred to as resin insulating film) is formed 
with an approximately 1 to 3 jum (typically 1.5 to 2//m), as shown in Fig. 7D, 

Polyimide, acrylic, polyamide, polyimide amide, BCB (benzocyclobutane), or 
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Cyclotene, can be used as the resin material. The following points can be given as the 
benefits of using a resin insulating film: superior levelness; and low dielectric constant. 
Note that in addition to the above, other organic resin insulating films, organic SiO 
compounds, etc. can be used. It is possible to use an insulating film comprising inorganic 
5 material if the superior in flatness. 

Note that though an acrylic film which polymerizes by heat after application to 
the substrate is used here, one that polymerizes by light radiation may also be used. 
Needless to say, a photo sensitive material of positive type or negative type is also 
acceptable. 

o Further, it is possible to provide a resin film colored by pigment etc. as a part of 

layer of the third interlayer insulating film 564 and use is as the color filter. 

A shielding film 565 is formed next on the third interlayer insulating film 
(planarization film) 564 comprising resin material in the pixel section. A term "shielding 
film" is used through the specification to a conductive film which has a characteristic of 

5 shielding light or electromagnetic wave. 

The shielding film 565 is formed from a metallic film comprising an element 
selected from among aluminum (Al), titanium (Ti), and tantalum (Ta) or a metal film with 
one of these as its principal constituent (in the present embodiment an element is regarded 
as the principal constituent when it is contained at over 50 weight %) to a thickness between 

5 100 and 300 nm. In the present Embodiment an aluminum film containing titanium at lwt% 
is formed into 125nm thick. Note that in some cases this shielding film is referred to as 
"first conductive film" in the present specification. 

Note that a silicon oxide film is formed to a thickness of 5 to 50 nm (typically 20 
to 30 nm) prior to forming the shielding film 565. The shielding film 565 is then formed 

5 thereon and a silicon oxide film denoted as 566 is formed by performing etching treatment 
onto the above stated insulating film as the shielding film 565 as a mask. 
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Though the silicon oxide film 566 is disposed to increase adhesivensss of the 
third interlayer insulating film 564 and the shielding film 565, it is preferable to remove it 
from the region where the shielding film does not exist, because it will be a hindrance in 
forming a contact hole in the third interlayer insulating film. Note that the adhesiveness to 
5 the shielding film formed on this film can be increased by surface refinement also by 
performing plasma processing using CF 4 gas on the surface of the third interlayer insulating 
film 564. 

Further, it is possible to form other connecting wirings, not only the shielding 
film,.by using the aluminum film containing titanium. For example, a connecting wiring for 
0 connecting between circuits can be formed inside the driver circuit. However, in this case, 
before depositing the material that forms the shielding film or the connecting wiring, it is 
necessary to form contact holes, in advance, in the third interlayer insulating film. 

Next, an oxide with a thickness from 20 to 100 nm (preferably between 30 and 
50 nm) is formed on the surface of the shielding film 565 by publicly known anodic 

5 oxidation or plasma oxidation (Anodic oxidation in the present embodiment). An aluminum 
oxide film (alumina film) is formed here as the anodic oxide 567 because a film with 
aluminum as its principal constituent is used as the shielding film 565 and anodic oxidation 
is performed in embodiment 1. This anodic oxide 567 will be a dielectric for the storage 
capacitor of the present embodiment. 

:0 Further, the structure used here has the insulator being formed by anodic 

oxidation only on the surface of the shielding film, but other insulator may also be formed 
by a gas phase method, such as plasma CVD, thermal CVD, or sputtering. In that case also, 
it is preferable to make the film thickness from 20 to 100 nm (more preferably between 30 
and50nm). 

-5 Contact holes are formed next in the third interlayer insulating film 564 and in 

the passivation film 563 in order to reach the drain wiring 562, and the pixel electrode 569 
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is formed. Note that pixel electrodes 570 and 571 are each separate pixel electrodes for 
adjoining pixels in this embodiment. A transparent conductive film may be used for the 
pixel electrodes 569 to 571, in concrete, indium tin oxide (ITO) film with a thickness of 110 
nm is formed here by sputtering. Note that there are cases in which the pixel electrode is 
referred to as the "second conductive film" in the present specification. 

Note that a metallic film may be used as the material for the pixel electrode in 
case of forming a reflection type liquid crystal display device. 

Further, a storage capacitor 572 is formed at this point where the pixel electrode 
569 and the shielding film 565 overlap through the anodic oxide film 567. Note that though 

i only the storage capacitor 572 is numbered, all regions where the shielding film and the 
pixel electrode overlaps functions as a storage capacitor. 

Because an alumina film which has a high dielectric constant of 7 to 9 is used as 
the dielectric of the storage capacitor, reduction of the area for forming a required 
capacitance is available. Further, by using the shielding film which is formed over that pixel 

; TFT as an electrode of the storage capacitor, the aperture ratio of the image display section 
of an active matrix liquid crystal display device can be increased. 

In this case it is preferable to set the shielding film 565 at floating state 
(electrically isolated state) or a constant electric potential, more preferably at a common 
electric potential (median electric potential of image signals sent as data). 

) Through the foregoing steps, an active matrix substrate (first substrate) on which 

the pixel TFT and the pixel electrode were formed, was formed. 

Next, steps of forming an active matrix type liquid crystal display device from the 
active matrix substrate (first substrate) will be described. First, an. alignment film 573 was 
formed on the first substrate on which the pixel TFT and the pixel electrode were formed. 

5 A transparent conductive film 575 and an alignment film 576 were formed on an opposite 
substrate (second substrate) 574. A color filter or a shielding film may be formed on the 
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second substrate as needed. In this embodiment, a polyimide film is used as the alignment 
film. After the alignment film 573 was applied by a roll coater, it was heated at 200°C for 
90 minutes. Incidentally, it is preferable that the first substrate is washed before the 
alignment film 573 is formed. Thereafter, the surface of the alignment film was rubbed with 
5 a roller on which a cloth was fixed, and a rubbing orientation processing was performed so 
that liquid crystal molecules were oriented with a constant pretilt angle (6° to 10°, 
preferably 7° to 8°). 

Next, photosensitive acryl resin (NN700: made by JSR), as a spacer material 
layer, was spin coated on the alignment film 573 at 900 rpm so that its thickness was made 
D 4.7 jum. Thereafter, heating at 80 °C for 3 minutes was carried out by using a hot plate. The 
thickness of the photosensitive acryl resin film after heating was made 4.0 fxm. 

After a pattern (size: 6 jum square) of a columnar spacer was exposed to the thus 
formed spacer material layer through a mask for exposure, development was made. The 
development conditions were made such that CD-700 (TMAH 0.14 %) was used as a 
5 developing solution, solution temperature was made 1 8 ± 1 ° C, and a development time was 
made 60 seconds. Next, heating at 180°C for 1 minute was carried out using a clean 
oven. 

In this way, a columnar spacer 568 was formed on the first substrate (Fig. 8A). 
Since the formation position of the columnar spacer 568 can be freely designed, an image 
) display region can be effectively used. Incidentally, the pretilt angle was changed to 4° to . 
5° through the developing solution. 

Fig. 12 is a view showing a pixel structure of this embodiment seen from the 
above.- As shown in Fig. 12, in this embodiment, a columnar spacer 63 is provided over a 
contact portion 65 where a pixel TFT is electrically connected to a pixel electrode 62. 
5 Besides, in Fig. 12, reference numeral 565 designates a shielding film, and the pixel 
electrode 62 is provided thereon through a not-shown oxide 567. At this time, storage 
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capacitances 64a to 64c are formed of the shielding film 565, the oxide 567, and the pixel 
electrode 62. By adopting the structure of this embodiment, it becomes possible to fill a 
stepped portion (corresponding to the film thickness of the interlayer insulating film 564) 
formed at the contact portion, and defective orientation in liquid crystal molecules due to the 
stepped portion can be prevented. 

Like this, in this embodiment, there is shown an example in which the columnar 
spacer is formed over the contact portion of the TFT and the pixel electrode. However, as 
long as the columnar spacer 568 is formed at a region which is not used as an image display 
region, such as a region on a shielding film or a source wiring, the position is not particularly 
limited. In this embodiment, the columnar spacers were regularly disposed at the pixel 
portion at a rate of about 100 spacers per 1 mm 2 . Fig. 17A is a view of an SEM observation 
photograph of a section of the columnar spacer of this embodiment. Fig. 1A is a view of an 
SEM observation photograph showing its outer appearance. Fig. 2A is a schematic view 
showing its arrangement, and Figs. 2B and 2C are SEM observation photographs 
corresponding to Fig. 1A and having different magnifications. 

The shape of this columnar spacer was such that there was little taper portion, the 
top portion had a flat surface, the height H was 4 jum, the width LI was 6 ^m, and the radius 
of curvature was 1 /urn or less. The angle a between the tangent plane at the center of a side 
of the columnar spacer and the substrate surface was 85 ° to 95 ° , and it was almost vertical. 
By making such a shape, light leakage can be decreased. 

Then the active matrix substrate on which the pixel portion and the driver circuit 
are formed is bonded to the opposite substrate by a well-known cell assembling step through 
a sealing material 579. In this embodiment, the substrate interval was kept constant by using 
the sealing material containing a filler 580. Besides, in this embodiment, since the columnar 
spacer 568 made of a resin material with excellent elasticity is used, pressure applied at the 
bonding step can be absorbed (relieved). Besides, in the spacer of this embodiment, since 
a contact area to an element is larger than that of a bead-like spacer, there does not occur 



29 



such a case where an excessive pressure is applied to a specific portion. 

Thereafter, a liquid crystal 578 is injected between both the substrates, and they 
are completely sealed by a sealant (not shown). A well-known liquid crystal material may 
be used for the liquid crystal. In this way, the active matrix type liquid crystal display device 
shown in Fig. 8B is completed. 

Incidentally, in Fig. 8B, a p-channel TFT 701 and n-channel TFTs 702 and 703 
are formed in the driver circuit, and a pixel TFT 704 made of an n-channel TFT is formed 
in the pixel portion. 

Incidentally, the sequence of the steps of this embodiment may be suitably 
changed. Even if any sequence is adopted, if the structure of a finally formed TFT is a 
structure as shown in Fig. 8B, the basic function of the active matrix substrate is not 
changed, and the effect of the present invention is not spoiled. 

A channel forming region 601, a source region 602 and a drain region 603 are 
each formed by a p-type impurity region (a) in the p-channel TFT 701 of the driver circuit. 
Note that a region that contains phosphorus at a concentration of 1 x 10 20 to 1 x 10 21 
atoms/cm 3 exists in a portion of a source region or a drain region in effect. Further in that 
region the catalytic element gettered in the process of Fig. 7B exists at a concentration 
exceeding 5 x 10 18 atoms/cm 3 (typically 1 x 10 19 to 5 x 10 20 atoms/cm 3 ). 

Further, a channel forming region 604, a source region 605, and a drain region 
606 are formed in the n-channel TFT 702, and a LDD region overlapping with the gate 
wiring by interposing a gate insulating film (such region is referred to as Lov region. c ov' 
means overlap) 607 is formed in one side of the channel forming region (drain region side). 
Here, Lov region 607 contains phosphorus at a concentration of 2x l0 16 to 5 x 10 19 
atoms/cm 3 , and is formed to completely overlap with the gate wiring. 

A channel forming region 608, a source region 609, and a drain region 610 are 
formed in the n-channel TFT 703. LDD regions 611 and 612 are formed in both sides of 
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the channel forming region. Note that the LDD regions overlapping with the gate wiring 
by interposing an insulating film (Lov regions) and the LDD regions that are not overlapped 
with the gate wiring (such region is referred to as Loff regions, 'off' means offset) are 
realized because a portion of the LDD regions 611 and 612 are placed so as to overlap with 
the gate wiring in this structure. 

A cross sectional view shown in Fig. 9 is an enlarged diagram showing n-channel 
TFT 703 shown in Fig. 8B in the state of being manufactured to the process of Fig. 7B. As 
shown here, LDD region 611 is further classified into Lov region 611a and Loff region 
611b, and LDD region 612 is further classified into Lov region 612a and Loff region 612b. 
Phosphorus is contained in the Lov regions 611a and 612a at a concentration of 2 x 10 16 . to 
5 x 10 19 atoms/cm 3 , whereas it is contained at a concentration 1 to 2 times as much (typically 
1.2 to 1.5 times) in the Loff regions 611b and 612b. 

Further, channel forming regions 613 and 614, a source region 615, a drain region 
616, Loff regions 617 to 620, and an n-type impurity region (a) 621 contacting the Loff 
regions 618 and 619 are formed in the pixel TFT 704. The source region 615, and the drain 
region 616 are each formed from n-type impurity region (a) here, and the Loff regions 617 
to 620 are formed by n-type impurity region (c). 

The structure of the TFTs forming each of the circuits or elements of the pixel 
section and the driver circuits can be optimized to correspond to the required circuit 
specifications, and the operation performance of the semiconductor device and its reliability 
can be increased in the present embodiment. Specifically, the LDD region placement in an 
n-channel TFT is made to differ depending upon the circuit specifications, and by using an 
Lov region or an Loff region properly, TFT structures with fast operating speeds and which 
place great importance on measures to counter hot carriers, and TFT structures that place 
great importance on low off current operation, can be realized over the same substrate. 

For the case of an active matrix liquid crystal display device, for example, the n- 
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channel TFT 702 is suitable for driver circuits that place great importance on high operating 
speed, such as a shift register circuit, a signal divider circuit, a level shifter circuit, and a 
buffer circuit. In other words, by placing the Lov region in only one side (the drain region 
side) of the channel forming region, this becomes a structure that reduces the resistive 
constituents as much while placing great importance on hot carrier countermeasures. This 
is because, for the case of the above circuit group, the source region and the drain region 
functions do not change, and the carrier (electron) movement direction is constant. 
However, if necessary, Lov regions can be placed in both sides of the channel forming 
region. 

Further, the n-channel TFT 703 is suitable for a sampling circuit (sample and hold 
circuit) which places emphasis on both hot carrier countermeasures and low off current 
operation. In other words, hot carrier countermeasures can be realized by placement of the 
Lov region, and in addition, low off current operation is realized by placement of the Loff 
region. Furthermore, the functions of the source region and the drain region of a sampling 
circuit reverse, and the carrier movement direction changes by 180°; therefore a structure 
that has linear symmetry with the center of the gate wiring must be used. Note that it is 
possible to only form the Lov region, depending upon the circumstances. 

Further, the n-channel TFT 704 is suitable for a pixel section or a sampling circuit 
(sample and hold circuit) which place great importance on low off current operation. 
Namely, the Lov region, which is a cause of an increase in the off current value, is not 
employed, only the Loff region is used, allowing low off current operation to be realized. 
Furthermore, by utilizing a LDD region with a concentration lower than that of the driver 
circuit LDD region as the Loff region, although the on current value will fall a little, it is a 
thorough measure for lowering the off current value. Additionally, it has been confirmed 
that an n-type impurity region (a) 621 is extremely effective in lowering the off current 
value. 

Further, the length (width) of the Lov region 607 of the n-channel TFT 702 may 
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be between 0.1 and 3.0 pm, typically from 0.2 to 1.5 fim. Further, the length (width) of the 
Lov regions 611a and 612a of the n-channel TFT 703 may be from 0.1 to 3.0 ^m, typically 
between 0.2 and 1.5 fxm, and the length (width) of the Loff regions 611b and 612b may be 
from 1.0 to 3.5 jam, typically between 1.5 and 2.0 /*m. Moreover, the length (width) of the 
Loff regions 617 to 620 formed in the pixel TFT 704 may be from 0.5 to 3.5 ^m, typically 
between 2.0 and 2.5//m. 

The structure of the above stated active matrix liquid crystal display device is 
described with reference to the perspective view of Fig. 10. An active matrix substrate (the 
first substrate) comprises a pixel portion 802, a driver circuit 803 on the gate side, and a 
driver circuit 804 on the source side formed over a glass substrate 801. A pixel TFT 805 in 
the pixel portion (which corresponds to the pixel TFT 704 shown in Fig. 8B) is an n-channel 
TFT, and is connected with a pixel electrode 806 and a storage capacitor 807 (which 
corresponds to the storage capacitor 572 shown in Fig. 8A). 

The driver circuits provided on the periphery are formed based on a CMOS 
circuit. The driver circuit 803 on the gate side and the driver circuit 804 on the source side 
are connected to the pixel portion 802 through a gate wiring 808 and a source wiring 809, 
respectively. An external input / output terminal 811 connected with an FPC 810 is 
provided with input / output wirings (connecting wirings) 812 and 813 for transmitting 
signals to the driver circuits. Reference numeral 814 denotes an opposing substrate (the 
second substrate). 

It is to be noted that, though the semiconductor device illustrated in Fig. 10 is 
herein referred to as an active matrix liquid crystal display device, a liquid crystal panel 
having an FPC attached thereto such as the one illustrated in Fig. 10 is generally referred to 
as a liquid crystal module. Accordingly, the active matrix liquid crystal display device in the 
present embodiment may also be referred to as a liquid crystal module. 

Fig. 11 shows an example of circuit structure of the above stated liquid crystal 
display device. The liquid crystal display device of the present embodiment comprises a 
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source side driver circuit 901, a gate side driver circuit (A) 907, a gate side driver circuit (B) 
911, a pre-charge circuit 912 and a pixel section 906. Through the Specification, driver 
circuit is a generic name including a source side driver circuit and a gate side driver circuit. 

The source side driver circuit 901 is provided with a shift register circuit 902, a 
5 level shifter circuit 903, a buffer circuit 904, and a sampling circuit 905. Further, the gate 
side driver circuit (A) 907 is provided with a shift register circuit 908, a level shifter circuit 
909, and a buffer circuit 910. The gate side driver circuit (B) 911 has a similar structure. 

The driver voltages for the shift register 902 and 908 is between 5 and 16 V here 
(typically 10 V), and the structure shown by reference numeral 702 in Fig. 8B is suitable for 
0 n-channel TFTs used in the CMOS circuits forming the circuits. 

Furthermore, the driver voltage becomes high at between 14 and 16 V for the 
level shifter circuit 903 and 909, and the buffer circuit 904 and 910, but similar to the shift 
register circuits, CMOS circuits comprising the n-channel TFT 702 shown in Fig. 8B are 
suitable. Note that using a multi-gate structure, such as a double gate structure and a triple 
5 gate structure for the gate wiring is effective in increasing reliability in each circuit. 

Further, the sampling circuit 905 has a driver voltage of between 14 and 16 V, 
but the source region and the drain region are inverted and it is necessary to reduce the off 
current value, so CMOS circuits comprising the n-channel TFT 703 of Fig. 8B are suitable. 
Note that only the n-channel TFT is shown in Fig. 8B, but in practice the n-channel TFT and 

.0 a p-channel TFT are combined when forming the sampling circuit. 

Further, the pixel section 906 has a driver voltage of between 14 and 16 V, but 
it is necessary to reduce the off current value even lower than that of the sampling circuit 
905. Therefore it is preferable to use a structure in which Lov region that causes increase 
in off current is not disposed, and it is preferable to use n-channel TFT 704 of Fig. 8B for 

•5 the pixel TFT. 
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[Embodiment 2] 

In this embodiment, an example in which a columnar spacer is provided at a place 
other than a sealing region and mechanical strength is reinforced, will be described with 
reference to Figs. 13A and 13B. This embodiment shows a region (external terminal 
; connection portion) which is not shown in Fig. 8B of the embodiment 1. Thus, the drawing 
corresponds to Fig. 8B of the embodiment 1 and the same reference symbols are partially 
used. Incidentally, the only point different from the embodiment 1 is that a filler is not 
shown in a sealing material 1000. 

Fig. 13A is a top view of the external terminal connection portion, and Fig. 13B 
) is a sectional structural view of the external terminal connection portion. Besides, a sectional 
structure taken along d-d' of the top view is also shown. 

In Figs. 13A and 13B, reference numeral 1001 designates a columnar spacer; 
1002, an external terminal connection portion; 1003, an ITO film; 1004, a conductive 
spacer; 1005, an adhesive; and 1006, an FPC. 
5 The external terminal connection portion 1002 connected to the FPC 1006 

extends from a source electrode (wiring) of a p-channel TFT 701 . 

In this embodiment, the columnar spacer 1001 is formed between a sealing region 
where the sealing material 1000 exists and an end portion of an opposite substrate 574. This 
columnar spacer 1001 is provided between extraction wirings, and reinforces the mechanical 
0 strength. Besides, this columnar spacer 1001 has an effect to prevent cutting defects also in 
a cutting step of the opposite substrate. Incidentally, here, the wiring between the source 
electrode of the p-channel TFT 701 and the external terminal connection portion is called 
the extraction wiring. 

This columnar spacer can be formed in the same step as that formed at the contact 
5 portion in the embodiment 1. 

The ITO film 1003 is formed on the external terminal connection portion 1002 
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in the same step as the pixel electrode, and excellent contact with the FPC is formed. 
Incidentally, a conductive spacer such as a gold paste is mixed in the adhesive 1005, and the 
FPC 1006 is connected to the ITO film 1003 by clamping. 

[Embodiments] 

In this embodiment, a description will be made on an example in which a 
columnar spacer is formed by a following method (Figs. 14 A to 14E are simplified step 
views, and Fig. 15 is a flowchart) different from the embodiment 1. In this embodiment, step 
sequence is different from the embodiment 1, and a columnar spacer is formed before 
formation of an alignment film. 

A procedure will be described in brief with reference to Figs. 14A to 14E. First, 
a spacer material layer 1101 is formed on a first substrate 1100 (Fig. 14A). Next, similarly 
to the embodiment 1, exposure and development are performed, so that columnar spacers 
1102 are formed (Fig. 14B). Next, an alignment film 1103 covering the columnar spacer 
1102 is formed, and a rubbing processing is performed (Fig. 14C). Next, a second substrate 
1104 on which an alignment film 1105 and a seal 1106 are formed is bonded to the first 
substrate 1100 (Fig. 14D). Next, the first substrate and the second substrate are cut into a 
suitable shape, a liquid crystal material 1107 is injected, and sealing is made, so that a liquid 
crystal panel is completed (Fig. 14E). 

The details will be described below. 

First, similarly to the embodiment 1, an active matrix substrate (first substrate) 
is formed. The exact same steps were used until a step of forming pixel electrodes 569 and 
570. Next, a columnar spacer 1201 was formed on the first substrate by using the same 
spacer material as the embodiment 1 and under the same conditions (film formation 
condition, exposure condition, development condition, baking condition, etc.). 

Next, an alignment film 1202 was formed to cover the columnar spacer (Fig. 
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16 A). Thereafter, a rubbing processing was performed. In the following, in the same way 
as the embodiment 1 except for these steps, a liquid crystal display device shown in Fig. 16B 
was formed. 

Fig. 17B is a view of an SEM observation photograph of a section of the 
columnar spacer of this embodiment. 

The shape of this columnar spacer was such that although a taper portion existed, 
a top portion had a flat surface, the width LI was 7 to 8 jura, and the radius of curvature was 
2 /zm. The angle a between the tangent plane at the center of a side of the columnar spacer 
and the substrate surface was 68°. In this embodiment, the value of the width LI includes 
the thickness of the alignment film. In this embodiment, when the relation between the 
widths is made 1 £ L2/L1 <s 2.5, light leakage at the taper portion can be decreased, so that 
it is desirable. 

In the embodiment 1, the final pretilt angle was 4° to 5° by the influence of the 
developing solution. In this embodiment, since the alignment film is formed and the rubbing 
processing is performed after the columnar spacer is formed, the pretilt angle can be made 
6° to 10°, preferably 7° to 8°, so that the orientation of liquid crystal can be made excellent. 

Incidentally, this embodiment can be combined with the embodiment 2. 
[Embodiment 4] 

In this embodiment, a description will be made on an example in which columnar 
spacers are provided at a constant interval on the whole surface of a first substrate as shown 
in Fig. 18A. 

In Fig. 18A, reference numeral 1300 designates a sealing material; 1301, a first 
substrate; 1302, a pixel portion; 1303, a gate side driver circuit; 1304, a source side driver 
circuit; 1305, a signal dividing circuit; 1306, an external connection terminal portion; 1308, 
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In this embodiment, columnar spacers 1307 were provided between the pixel 
portion and the source side driver circuit, columnar spacers 1309 were provided at the 
external connection terminal portion, columnar spacers 1310 were provided at the pixel 
portion, columnar spacers 1311 were provided at the gate side driver circuit, and columnar 

5 spacers 1312 were provided at the sealing region. The columnar spacers were respectively 
provided at a constant interval by a photolithography method. By providing the columnar 
spacers at a constant interval like this, a uniform substrate interval can be maintained. 
Besides, by providing the columnar spacers 1312 at the sealing region, a filler may not be 
used. Besides, by providing the columnar spacers 1309 at the external connection terminal 

lo portion, the mechanical strength at the connection portion can be reinforced. Incidentally, 
the foregoing respective columnar spacers may be formed by using the fabricating method 
shown in the embodiment 1 or the embodiment 3. 

Fig. 18B schematically shows a sectional structure of a region encircled by a 
dotted line 1322 in Fig. 18A. The same reference symbols as those of Fig. 18A are used. In 

L5 Fig. 18A, reference numeral 1314 designates a CMOS circuit; 1315, an n-channel TFT; 
1316, a pixel TFT; 1317, an interlayer insulating film; 1318a, a pixel electrode; and 1318b, 
an ITO film. The ITO film 1318b is provided to be connected to an external terminal such 
as an FPC. Besides, reference numeral 1319 designates a liquid crystal material; and 1320, 
an opposite electrode. 

>o Figs. 19A to 19C show other forms of spacer arrangement. Fig. 19A shows an 

example in which columnar spacers 1407 are uniformly formed inside a sealing region 1408. 
Fig. 19B shows an example in which a columnar spacer is not provided at a pixel portion 
but columnar spacers 1410 are provided at a sealing region and columnar spacers 1409 are 
provided at an external connection terminal portion. Fig. 19C shows an example in which 

•5 columnar spacers 1411 and 1412 are formed at regions other than a sealing region. 
Incidentally, the foregoing respective columnar spacers may be formed by using the 
fabricating method shown in the embodiment 1 or the embodiment 3. 
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Incidentally, this embodiment can be freely combined with the embodiments 1 

to 3. 

[Embodiment 5] 

In the present Embodiment an active matrix substrate (the first substrate) 
different from that of Embodiment 1 is manufactured. Note that the processes described in 
the Japanese Patent Application No. Hei 11-104646 is used for the details of the TFT 
manufacturing processes. 

A low-alkaline glass substrate or a quartz substrate can be used as a substrate 
1501. On the surface of this substrate 1501 on which TFTs are to be formed, a base film 
1502 such as a silicon oxide film, a silicon nitride film or a silicon oxynitride film is formed 
in order to prevent the diffusion of impurities from the substrate 1501. 

Next, a semiconductor film that has an amorphous structure and a thickness of 
20 to 150 nm (preferably, 30 to 80 nm) is formed by a known method such as plasma CVD 
or sputtering. In this embodiment, an amorphous silicon film was formed to a thickness of 
55 nm by plasma CVD. Then, by a known crystallization technique, a crystalline silicon 
film is formed from the amorphous silicon film. For example, a laser crystallization method 
or a thermal crystallization method (solid phase growth method) may be applied, however, 
here, in accordance with the technique disclosed in Japanese Patent Application Laid-Open 
No. Hei 7-130652, the crystalline silicon film was formed by the crystallization method 
using a catalytic element. 

Then, the crystalline silicon film is divided into islands^ whereby island 
semiconductor layers are formed. Thereafter, a mask layer of a silicon oxide film is formed 
to a thickness of 50 to 100 nm by plasma CVD or sputtering. Then, a resist mask is 
provided, and onto the whole surfaces of the island semiconductor layers forming the n- 
channel TFTs, boron (B) was added as an impurity element imparting p-type conductivity, 
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at a concentration of about 1 x 10 16 to 5 x 10 17 atoms/cm 3 , for the purpose of controlling the 
threshold voltage. Next, in order to form the LDD regions of the n-channel TFTs in the 
driver circuit, an impurity element imparting n-type conductivity is selectively added to the 
island semiconductor layers. For this purpose, resist masks were formed in advance. Next, 
the mask layers are removed by hydrofluoric acid or the like, and the step of activating the 
added impurity elements is carried out. The activation can be carried out by performing heat 
treatment in a nitrogen atmosphere at 500 to 600 °C for 1 to 4 hours or by using the laser 
activation method. Further, both methods may be jointly performed. In this embodiment, 
a laser activation method was employed. 

Then, a gate insulator film 1520 is formed of an insulator film comprising silicon 
to a thickness of 10 to 150 nm, by plasma CVD or sputtering. Next, a conductive layer (A) 
comprising a conductive metal nitride film and a conductive layer (B) comprising a metal 
film are laminated. The conductive layer (B) may be formed of an element selected from 
among tantalum (Ta), titanium (Ti), molybdenum (Mo) and tungsten (W) or an alloy 
comprised mainly of the above-mentioned element, or an alloy film (typically, an Mo-W 
alloy film or an Mo-Ta alloy film) comprised of a combination of the above-mentioned 
elements, while the conductive layer (A) comprises tantalum nitride (TaN), tungsten nitride 
(WN), titanium nitride (TiN), or molybdenum nitride (MoN). In this embodiment, as the 
conductive layer (A), a tantalum nitride film with a thickness of 30 nm was used, while, as 
the conductive layer (B), a Ta film with a thickness of 350 nm was used, both films being 
formed by sputtering. 

Next, resist masks are formed, and the conductive layer (A) and the conductive 
layer (B) are etched together to form gate electrodes 1528 to 1531 and a capacitor wiring 
1532. 

Then, in order to form the source region and the drain region of the p-channel 
TFT in the driver circuit, the step of adding an impurity element imparting p-type 
conductivity is carried out. Here, by using the gate electrode 1528 as a mask, impurity 
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regions are formed in a self-alignment manner. In this case, the region in which the n- 
channel TFT will be formed is coated with a resist mask in advance. 

Next, in the n-channel TFTs, impurity regions that functioned as source regions 
or drain regions were formed. 

5 Then, the step of adding an impurity imparting n-type for formation of the LDD 

regions of the n-channel TFT in the pixel matrix circuit was carried out. Thereafter, in order 
to activate the impurity elements, which were added at their respective concentrations for 
imparting n-type or p-type conductivity, an activation process was performed by furnace 
annealing in a nitrogen atmosphere. By this heat treatment of the activation process 

0 performed here, the catalytic element could be gettered from the channel-forming region of 
the n-channel and the p-channel TFTs. In this heat treatment metal nitride layers are formed 
on the surfaces of the gate wirings 1528 to 1531 and the capacitance wiring 1532 which 
exists over an impurity region 1527 with the gate insulating film 1520 interposed 
therebetween. Further, a hydrogenation process of the island semiconductor layers is 

5 performed. 

After the activation and hydrogenation steps are over, gate wirings 1547 and 
1548, and capacitance wiring 1549 was formed. 

A first interlayer insulating film 1550 is formed of a silicon oxide film or a silicon 
oxynitride film with a thickness of 500 to 1500 nm, and contact holes reaching the source 
0 regions or the drain regions, which are formed in the respective island semiconductor layers, 
are formed; and source wirings 1551 to 1554 and drain wirings 1555 to 1558 are formed. 
Next, as a passivation film 1559, a silicon nitride film, a silicon oxide film or a silicon 
oxynitride film is formed to a thickness of 50 to 500 nm (typically, 100 to 300 nm). 

Thereafter, a second interlayer insulating film 1560 comprised of an organic resin 
5 is formed to a thickness of 1.0 to 1.5 fxm. Then, a contact hole reaching the drain wiring 
1558 in contact with drain region 1526 is formed in the second interlayer insulating film 
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1560, and pixel electrodes 1561 and 1562 are formed. The pixel electrodes can be formed 
by using a transparent conductive film in the case a transmission type liquid crystal display 
device is to be obtained, while, in the case a reflection type liquid crystal display device is 
to be fabricated, the pixel electrodes can be formed by a metal film. 

5 Next, a columnar spacer 1 607 is formed. Since the step of forming the columnar 

spacer 1607 is the same as the spacer fabricating step of the embodiment 3, its explanation 
is omitted. Next, similarly to the embodiment 3, an alignment film 1601 covering the 
columnar spacer 1607 is formed. After the alignment film is formed, a rubbing processing 
is performed so that the liquid crystal molecules are oriented at a constant pretilt angle (6° 

0 to 10°, preferably 7° to 8°). A light-shielding film 1603, a transparent conductive film 
1604, and an alignment film 1605 are formed on an opposite substrate 1602 at the opposite 
side. An active matrix substrate on which a pixel matrix circuit and a CMOS circuit are 
formed is bonded to the opposite substrate by a well-known cell assembling step. Thereafter, 
a liquid crystal material 1606 is injected between both the substrates, and complete sealing 

5 is made by a sealant (not shown). An well-known liquid crystal material may be used for the 
liquid crystal material. In this way, an active matrix type liquid crystal display device shown 
in Fig. 20 is completed. 

In Fig. 20, a p-channel TFT 1701, a first n-channel TFT 1702, and a second n- 
channel TFT 1703 are formed in the driver circuit, and a pixel TFT 1704 and a storage 

.0 capacitance 1705 are formed in a display region. 

Incidentally, this embodiment can be freely combined with the embodiments 1 

to 4. 

[Embodiment 6] 

5 ^ this embodiment, a description will be made on an example in which a display 

device is fabricated by using a TFT different from the above embodiment. 
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In the above embodiment, although a top-gate type TFT is used, in this 
embodiment, a first substrate is fabricated by using a bottom-gate type TFT. 

In Fig. 21, reference numeral 1814 designates a CMOS circuit; 1815, an n- 
channel TFT; 1816, a pixel TFT; 1817, an interlayer insulating film; 1818a, a pixel 
5 electrode; and 1818b, an ITO film. This ITO film 1818b is provided to be connected to an 
external terminal such as an FPC 1823. Besides, reference numeral 1819 designates a liquid 
crystal material; and 1820, an opposite electrode. Besides, reference numeral 1801 
designates a first substrate; 1808, a sealing region; and 1821, a second substrate. Reference 
numeral 1822 denotes an adhesive. 

10 Besides, in this embodiment, columnar spacers 1807 are provided between a pixel 

portion and a source side driver circuit, columnar spacers 1809 are provided at an external 
connection terminal portion, columnar spacers 1810 are provided at the pixel portion, 
columnar spacers 1811 are provided at a gate side driver circuit, and columnar spacers 1812 
are provided at the sealing region. The respective columnar spacers are provided at a 

15 constant interval by a photolithography method. Like this, by providing the columnar 
spacers at a constant interval, a uniform substrate interval can be maintained. Besides, by 
providing the columnar spacers 1812 at the sealing region, a filler may not be used. Besides, 
by providing the columnar spacers 1809 at the external connection terminal portion, the 
mechanical strength at the connection portion can be reinforced. Incidentally, the foregoing 

20 respective columnar spacers may be formed by the fabricating method shown in the 
embodiment 1 or the embodiment 3. 

Incidentally, a fabricating process for obtaining the above TFT structure may use 
a well-known technique, and is not particularly limited. 

Incidentally, this embodiment can be freely combined with the embodiments 1 

25 to 4. 
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[Embodiment 7] 

In this embodiment, a case where a columnar spacer of the present invention is 
applied to a liquid crystal display device equipped with a touch panel, will be described with 
reference to Fig. 22A and Fig. 22B. 

Fig. 22A is an external appearance view and a sectional view of a portable 
information terminal device equipped with an optical touch panel 3002. 

In Fig. 22A, reference numeral 3001 designates a digital camera; 3002, a touch 
panel; 3003, a liquid crystal panel; 3004, an LED backlight; 3100, a light emitting element; 
and 3200, a light receiving element. 

In the display device equipped with this touch panel, when a fingertip or a pen 
tip touches the surface of the touch panel 3002, part of a light path "a" from the light 
emitting element 3100 provided at the end portion of the panel is interrupted, and part of 
light advances to a light path "b". Since the light receiving element 3200 corresponding to 
the light emitting element having the light path "a", the part of which is interrupted does not 
receive light, it is possible to detect a temporal positional change of a touched place. 

In this embodiment, columnar spacers 3005 of the present invention were used 
for the liquid crystal panel 3003. The columnar spacers are formed by the fabricating method 
described in the embodiment 1 or the embodiment 3. By doing so, the mechanical strength 
is reinforced, and a strong panel can be made. Besides, by means of the columnar spacers 
of the present invention, the substrate interval is hardly changed by pressure from the outside 
(from the fingertip or pen tip), so that a display image is not easily disturbed. 

Incidentally, in this embodiment, a transmission type LCD panel using the LED 
backlight is used. However, a reflection type LCD panel using no backlight may be used. 
Besides, an LCD panel which can be freely changed to the reflection type or transmission 
type in accordance with the amount of outer light may be used. 

Fig. 22B is an outer appearance view and a sectional view of a portable 
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information terminal device equipped with a pen input type touch panel 3102. 

In Fig. 22B, reference numeral 3102 designates a touch panel; 3103, a liquid 
crystal panel; 3104, a backlight; and 3105, an input pen. 

In the display device equipped with this touch panel, a pressure sensitive type or 
capacitive type detecting element is provided on the surface of the touch panel 3102. When 
the input pen 3105 touches it, a temporal positional change can be detected by the detecting 
element. 

In this embodiment, columnar spacers 3106 of the present invention were used 
for the liquid crystal panel 3 103. The columnar spacers are formed by the fabricating method 
described in the embodiment 1 or the embodiment 3. By doing so, the mechanical strength 
is reinforced, and a strong panel can be made. Besides, by means of the columnar spacers 
of the present invention, the substrate interval is hardly changed by pressure from the outside 
(from the fingertip or pen tip), so that a display image is not easily disturbed. Since the touch 
panel 3102 in which the pressure sensitive type or capacitive type detecting element is 
provided is in direct contact with the LCD panel 3103, the LCD panel 3103 easily receives 
pressure from the outside and it is effective. 

Incidentally, the structure of this embodiment can be freely combined with any 
structure of the embodiments 1 to 6. 

[Embodiment 8] 

A case of applying the present invention to a reflection type liquid crystal display 
device formed over a silicon substrate is described. TFT structure may be realized by adding 
impurity elements imparting n-type or p-type directly to the silicon substrate (silicon wafer) 
instead of the active layers comprising the crystalline silicon film in Embodiment 1 . Further, 
because a reflection type is formed, a metallic film having a high reflectance (for example 
aluminum, silver or an alloy of these (Al-Ag alloy) and so forth may be used as the pixel 
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electrode. 

Note that it is possible to freely combine the constitutions of the present 
embodiment with any of Embodiments 1 to 7. 

5 [Embodiment 9] 

The present invention can also be applied to the case in which an interlayer 
insulating film is formed over a conventional MOSFET and a TFT is formed thereon. That 
is, it is also possible to realize a three-dimensionally structured semiconductor device. 
Further it is possible to use an SOI substrate such as a SIMOX, Smart-Cut (registered 
o trademark by SOITEC INC.), ELTRAN (registered trademark by CANON INC.), etc/ 

It is possible to freely combine the constitutions of the present embodiment with 
any of the structures of Embodiments 1 to 8. 

[Embodiment 10] 

.5 It is possible to apply the present invention to an active matrix EL (electro 

luminescence) display device. An example is shown in Fig. 23. 

Fig. 23 is a circuit diagram of the active matrix EL display device. Reference 
numeral 11 denotes a pixel section; and X-direction driver circuit 12 and Y-direction driver 
circuit 13 are provided in its peripheral. Each pixel of the display section 11 comprises a 

io switching TFT 14, a storage capacitor 15, a current control TFT 16, an organic EL element 
17. X-direction signal line 18a (or 18b) and a Y-direction signal line 19a (or 19b or 19c) 
are connected to the switching TFT 14. Power supply lines 20a and 20b are connected to 
the current control TFT 16. 

In the active matrix EL display device of the present embodiment, TFTs used for 

is the X-direction driver circuit 12 and the Y-direction driver circuit 13 are formed by 
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combining a p-channel TFT 701 and an n-channel TFTs 702 or 703 of Fig. 8B. The 
switching TFT 14 and the current control TFT 16 are formed from an n-channel TFT 704 
ofFig.8B. 

[Embodiment 11] 

It is possible to use a variety of liquid crystal materials in a liquid crystal display 
device manufactured in accordance with the present invention. The following can be given 
as examples of the such materials: a TN liquid crystal; a PDLC (polymer diffusion type 
liquid crystal); an FLC (ferroelectric liquid crystal); an AFLC (antiferroelectric liquid 
crystal); and a mixture of an FLC and an AFLC. 

For example, the liquid crystal materials disclosed in: Furue, H, et al., 
"Characteristics and Driving Scheme of Polymer-stabilized Monostable FLCD Exhibiting 
Fast Response Time and High Contrast Ratio with Gray-scale Capability," SID, 1998; in 
Yoshida, T., et al., "A Full-color Thresholdless Antiferroelectric LCD Exhibiting Wide 
Viewing Angle with Fast Response Time," SID 97 Digest, 841, 1997; and in US Patent 
Number 5,594,569 can be used. 

In particular, when an antiferroelectric liquid crystal having no threshold 
(thresholdless) (thresholdless antiferroelectric LCD: abbreviated to TL-AFLC) is used, in 
some cases the power supply voltage of 5 to 8 is sufficient because the operating voltage of 
liquid crystal is reduced to approximately +2.5V. Namely, it becomes possible to drive the 
driver circuits and the pixel matrix circuits at the same power supply voltage, so that the 
electric power consumption of the liquid crystal display device as a whole can be reduced. 

Further, there are some that exhibit electro-optical response characteristics of V 
shape among thresholdless antiferroelectric LCD and those having the driver voltage of 
approximately ±2.5 V (cell thickness approximately 1 to 2mm) is even found. 

The characteristic of light transmittivity against applied voltage, of a thresholdless 
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antiferroelectric mixed liquid crystal which shows a V-shaped electro-optical response is 
shown here in Fig. 24. The vertical axis of the graph shown in Fig. 24 is the transmissivity 
(in arbitrary units), and the horizontal axis is the applied voltage. Note that the transmission 
axis of the polarizing plate on the incidence side is set nearly in agreement with the rubbing 
direction of the liquid crystal display device, and nearly parallel to the direction normal to 
the smectic layer of the thresholdless antiferroelectric mixed liquid crystal. Further, the 
transmission axis of the polarizing plate on the outgoing side is set nearly perpendicular 
(crossed Nicols) to the transmission axis of the polarizing plate on the incidence side. 

Further, ferroelectric liquid crystals and anti-ferroelectric liquid crystals possess 
an advantage in that they have a high response speed compared to TN liquid crystals. Since 
it is possible to realize an extremely fast operating speed TFT used in the present invention, 
it is possible to realize a liquid crystal display device with fast image response speed by 
sufficiently utilizing the fast response speed of ferroelectric liquid crystals and 
antiferroelectric liquid crystals. 

It is needless to say that the use of the liquid crystal display device of the present 
embodiment to a display for an electronic device such as a personal computers, etc., is 
effective. 

It is possible to freely combine the constitutions of the present embodiment with 
any constitutions of Embodiments 1 to 10. 

[Embodiment 12] 

The TFTs formed by implementing the present invention can be used in various 
electro-optical devices. Namely the present invention can be implemented on all of the 
electronic appliances that incorporate these electro-optical devices as a display. 

The following can be given as examples of this type of electronic appliances: 
video cameras; digital cameras; head mounted displays (goggle type displays); wearable 
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displays; car navigation systems; personal computers; portable information terminals (such 
as mobile computers, portable telephones and electronic notebooks). Some examples of 
these are shown in Figs. 25A to 25F. 

Fig. 25 A is a personal computer, which comprises: a main body 2001; an image 
input section 2002; a display section 2003; and a keyboard 2004. The present invention can 
be applied to the image input section 2002, display section 2003 and other driver circuits. 

Fig. 25B is a video camera, which comprises: a main body 2101; a display section 
2102; a voice input section 2103; operation switches 2104; a battery 2105; and an image 
receiving section 2106. The present invention can be applied to the display section 2102, 
the voice input section 2103 or other driver circuits. 

Fig. 25C is a mobile computer which comprises: a main body 2201; a camera 
section 2202; an image receiving section 2203; operation switches 2204; and a display 
section 2205. The present invention can be applied to the display section 2205 or other 
driver circuits. 

Fig. 25D is a goggle type display which comprises: a main body 2301; a display 
section 2302; and an arm section 2303. The present invention can be used for the display 
section 2302 or other driver circuits. 

Fig. 25E is a player that uses a recording medium on which a program is recorded 
(hereinafter referred to as a recording medium), which comprises: a main body 2401; a 
display section 2402; a speaker section 2403; a recording medium 2404; and operation 
switches 2405 etc. Note that music appreciation, film appreciation, games, and the use of 
the Internet can be performed with this device using a DVD (digital versatile disk), a CD, 
etc., as a recording medium. The present invention can be applied to the display sections 
2402 or other driver circuits. 

Fig. 25F is a digital camera which comprises: a main body 2501; a display section 
2502; a view finder section 2503; operation switches 2504; and an image receiving section 
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(not shown in the figure). The present invention can be applied to the display section 2502 
or other driver circuits. 

As described above, the applicable range of the active matrix display device of 
the present invention is very large, and it is possible to apply to electronic appliances of 
various areas. Further, the electric appliances of the present embodiment can be realized by 
any combination of constitutions of Embodiments 1 to 9 and 11. 

[Embodiment 13] 

The TFTs formed by implementing the present invention can be used in various 
electro-optical devices. Namely the present invention can be implemented on all of the 
electronic appliances that incorporate these electro-optical devices as a display. 

Projectors (rear type or front type) can be given as such electronic appliances. 
The examples are shown in Figs. 26A to 26D. 

Fig. 26A is a front projector which comprises a display section 2601 and a screen 
2602. The present invention can be applied to the display section 2601 or other driver 
circuits. 

Fig. 26B is a rear projector which comprises: a main body 2701, a display section 
2702, a mirror 2703 and a screen 2407. The present invention can be applied to the display 
section 2702 or other driver circuits. 

Note that Fig. 26C is a diagram showing an example of the structure of the 
display sections 2601 and 2702 in Figs. 26A and 26B. The display sections 2601 and 2702 
comprise: an optical light source system 2801; mirrors 2802 and 2804 to 2806; a dichroic 
mirror 2803; a prism 2807; a liquid crystal display device 2808; a phase differentiating plate 
2809; and a projection optical system 2810. The projection optical system 2810 comprises 
an optical system including projection lens. Though the present embodiment shows an 
example of 3-plate type, it is not limited to the 3-plate type, for example, single plate type 
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is appropriate. Further, an operator may properly dispose an optical lens, a film having light 
polarizing function, a film adjusting phase difference, IR films and so forth in the optical 
path shown by an arrow in Fig. 26C. 

Fig. 26D is a diagram showing an example of the structure of the optical light 
source system 2801 in Fig. 26C. In the present embodiment the optical light source system 
2801 comprises: a reflector 2811; a light source 2812; lens arrays 2813 and 2814; light 
polarizing conversion element 2815; and a condenser lens 2816. Note that the optical light 
source system shown in Fig. 26D is merely an example and the structure is not specifically 
limited. For example, an operator may properly dispose an optical lens, a film having light 
polarizing function, a film adjusting phase difference, IR films and so forth in the optical 
light source system. As described above, the applicable range of the present invention is 
very large, and it is possible to apply to electronic appliances of various areas. Further, the 
electric appliances of the present embodiment can be realized by any combination of the 
constitutions of Embodiments 1 to 9 and 11. 

By using the columnar spacer of the present invention, it is possible to provide, 
without using a particulate spacer, a high quality liquid crystal panel having a thickness with 
high accuracy, which is designed within a free range in accordance with characteristics of 
a used liquid crystal and a driving method. 

Besides, by adopting the shape of the columnar spacer of the present invention, 
defective orientation in liquid crystal can be prevented. 

Besides, by using the columnar spacer of the present invention, a load applied to 
an element is reduced, and it becomes possible to prevent the lowering of yield due to 
element destruction or the like and lowering of reliability. Like this, it is possible to achieve 
the improvement of operation performance and improvement of reliability of an electro- 
optical device typified by a liquid crystal display device. 
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